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SYNOPSIS 


The characterization and identification of fading 
communication channels such as a Troposcatter channel are 
usually a pre-requisite for using the medium for signal 
transmission hy optimal modem techniques to combat multipath 
fading characteristics exhibited by such channels. A fading 
communication channel can often be adequately characterized 
by a linear system with an equivalent low-pass impulse response 
that is a complex Gaussian process. 

(i) RAKE technique involves the use of wide band 
signalling at the transmitter and correlation reception at 
receiver as an anti-multipath measure over fading communication 
channels. By using correlation detection technique, the 
transmitted signal arriving with different time delays can 
be isolated. RAKE concept may also be applied for probing 
the Troposcatter channel to get estimates of channel 
response for different time delays. ’5 

f' 

Though the impulse response function g(t,^ ) of : 

the channel is considered as continuous in both time, t f 

and delay variable,^ it can be considered -Se?? practical point | 
of view to be not finer than the inverse of the bandwidth, B i 
of the sounding signal for identifying its estimates for. i 

different time delays. In view of the above, the fading ' 

channel can be represented by a tapped-delay line with number ; 
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of taps equal to the number of discrete paths with tap 
spacing corresponding to 1/B which is referred to as multi- 
path resolution. In such ^tapped -delay line, the incoming 
signal appears at the input of delay line and after weightages 
called tap-gain functions which are random processes, the sum of 
the tap outputs constitutes the received signal at the receiver. 

For anti-multipath signalling, a wide band-pass 
noise-like waveform such as PH sequence is a useful continuous 
signal structure. The waveform is a random process and a 
moderately long segment of such sequence exhibits ^auto- 
correlation properties, hlso, for cross-correlation purpose 
at receiver, an exact replica is available. 

For channel response identification, the shifted, 
replicas of the transmitted signal are generated for different 
values of time delays and then cross— correlated with the 
received signal. Because of the correlation property of the 
transmitted PB sequence, the outputs of the cross-correlators 
give the direct measure of apparent channel response at 
relative time delays. 

(ii) The objective of the present system is to obtain 
the estimates of randomly varying quadrature components of 
channel response function for different time delays and then 
investigate the fluctuations caused by fading in signal 
phase and signal amplitude. At the :transmitter, for probing i 
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the medium, PN seq.uence of period is chosen hy 

i.\rhich the 60 PIHZ IP is phase-shift keyed at 10 M ba.uds 
and then filtered to 10 MHZ bandwidth to he transmitted 
over Troposcatter channel. At receiver, the received signal 
is split into in-phase and quadrature components which are 
cross-correlated with identical binary streams each of which 
is delayed by 0.1 ^sec with respect to the preceding one. 

This provides a multi-path resolution of 0.1 ^sec. The outputs 
of the cross-correlators give the estimates of the randomly 
varying quadrature components of channel response function 
for different time delays. 

(iii) The hardware realization of a part of the receiver 
system as shown in block diagram of Pig. 3.0 includes the 
addition of Gaussian noise of 10 MHZ bandwidth and centred 
at 60 MHZ to the incoming 60 MHZ IP signal, splitting of the 
signal into in-phase and quadrature components followed by 
extraction of the video components and conversion of the 
positive or negative going signal into digital *1' or 'O’ 
in polarity sensing detectors. 



CHAPTER - 1 


INTRODUCTION 

1*0 TROPOS PATTER AS A GOMUI'IICATION CHANNEL; 

The Troposphere is the region of earth’s 
atmosphere extending from ground to a height of about 
10 EM. The turbulent air motion and x-rater content cause 
variations in the refractive index of Troposphere from point 
to point as well as in time. In one model, the changes in 
refractive index are grouped in 'blobs' in earth's atmosphere 
which represent refractive indices different from that of 
the surro'unding medim. This abrupt change in refractive 
index causes a 'scattering' of IM wave and thus the energy 
is re-radiated towards the earth by blob. The scatter 
radiation comes from the large ■■ number of scatterers within 
the volume common to both transmitting and receiving antenna 
beams . 

Troposcatter provides (a) multichannel service 
over distances of 100 m to 1000 KM, (b) good spectrum 
utilization and (c) high degree of security. 

1.1 NEED POR IDENTIPICATION OP CHMNEL CHimACTERISTICS ; 

Characterization and identification of fading 
communication channels are normally required for using 
such media for transmitting signals by optimal modem 
techniques* In this section, the nature of propagation 
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vagaries like fading and multipath are described which 
demand channel characterization. 

Considering the transmission of continuous tone 
(carrier) from the transmitter^ let n be the number of 
blobs contributing to the received signal which can be 
treated as a random variable. Also, the amplitude A^it) 
and phase of fhe received signal from each of these 

blobs can be treated as random variables. 

In terms of random phasors, the resultant amplitude, 
and phase, 9(t) of the signal at receiver antenna can 
be represented by 

. R(t) = £; A,, (t) e (l.l) 

i=l ^ 

Considering independently varying large number of 
random phasors, the values of the quadrature components of 
the resultant at any instant are uncorrelated and approach 
independently as Gaussian variables. The resulting sum at 
any instant has the characteristics of a narrow band-pass 
Gaussian noise with Rayleigh fading envelope and uniformly 
distributed phase. In Eq. (l.l), the amplitude of the 
resultant signal R(t) has Rayleigh distribution and phase 
©|t) is uniformly distributed over (0,2ic), 
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Pp(r) = j-, 

PqCg) = 1/2% , 0 < e < 2it 

2 

¥h.ere a is the variance of independent and identically 
distributed zero-nean normal random variables, X(t) and Y(t) 
(real and imaginary components of phasor R(t) 

To introduce a more quantitative expression to the 
channel descriptions above, it is necessary to characterize 
the channel response function and discuss covariance functions 
in statistical model of fading. 

1.2 GHARAGTERIZATION OF TROPOSGATTER CH/iNlEL ; 

The tropochannel may be characterized as a linear 
time-varying band-pass filter whose impulse response varies 
stochastically as a Gaussian process. If Z(t) is the complex 
low-pass signal input and g{t,X) is the complex equivalent 
low- pass impulse response of such filter, then the complex 
low-pass signal output can be represented as 

w(t) * / g(t,t ) z (t-| ) d’^ (1.2) 

-a 

If. short term fading characteristics exhibit Rayleigh 
distribution, then g (t,J ) and hence w(t) is a zero-mean 
complex Gaussian process in t with its quadrature components 
having the same variance for each t. If z(t)^-> z(f)» 

z(t-# ) = z(f) ^ df (1.3) 

^ -a 
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Letting g(t,P ) from E(is.(1.2) and (1.3), 

w(t) = )' T(t,f) z (f) 0 j^Ttft (1.4) 

-a 

where T(tyf) is the time-variant transfer function of 
the channel and is also a zero-mean complex Gaussian process. 

Correlation functions : 

The Tropo-channel can adeqnatelsr be characterized by 
atleast 2nd order statistical functions the measurement of 
which requires that the process should be atleast wide-sense 
stationary over time intervals of the order of measurement time. 

Considering the mean of g(t'»^ ) as zero and g(t, ^ )d 
as the complex gain associated with path delays in the interval 
( +d^, ), the correlation function Q , is called 

Tap-gain or Path-gain Correlation function or Multipath 
Time-covariance function of WSS channel. 

Q(^ ,''1,'^:) = g" ) s (1.5) 

Por a WSS channel which also exhibits uncorrelated I 
scattering (WSSUS), Q (‘q , ) has the form | 

(i(5/U'C) = Q (.§.^) 6 (£,-V) I 

Q (^ , 0) is called the Delay power spectrum or Multipath | 

' i 

intensity profile. For WSSUS channels, scattering f\mction | 

I 

S ( ^ , TJ ) is defined as ■ 

S (^ , ^>) = I Q dr (1.6) i 

- ? 

i 

■ I 
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) describes the relative intensity of all scatterers 
involving a propagation path of relative delay ^ and having 
a Doppler Shift '5, 

1 • 3 PROPOSED SCHEME OF CHANNEL RESPOFSE IDENTIFICATION 
1.3»1 Introduction: 

In this section, a tapped -delay»-line 
representation for the channel has been discussed. The 
impulse response function of the channel, g(t,^ ) is consi- 
dered as containing a continuous multipath stmacture over a 
continuum of values of ^ . Practically, this continutim working 
is impossible. However, we can expect that the detail 
considered for estimating g ) need not be finer than 

1/B where B is bandwidth of the sounding signal. 

The signal received over a fading multipath channel 
can be represented as 

w(t) = C g(t,^ ) z (t -g ) d^ (1.7) 

^ -a 

where w(t) and z(t) are the complex envelopes of the received 
and transmitted waveforms respectively and g(t,^ ) is the 
time-varying equivalent low-pass impulse I'esponse of the 
channel. Variations of g(t,j^ ) as t varies are slow so that 
the dependence of g(t,^ ) on ^ can be found by means of 
sounding signal. 
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1.5*2 Tapp eel -delay-line representation for the channel: 

let the complex envelope of the transmitted signal, 
z(t) has a 2-sided spectrum such that - ^^fS ^ • From 
sampling theorem, 2 (t)' can he expressed as 


2(t) 


€ zU/B) 


(sin 7tB(t-3/B)/TtB(t-o/B)) 

( 1 . 8 ) 


From Eqs. (1.7) and (1.8), it can he shown that 


w(t) = (1/B) g,(t, 3 /B) z(t-j/B), 

3=-a 


(1.9) 


where g^ (t, j/B) is an equivalent low-pass time varying 
impulse response for the channel corresponding only to its 
low-pass transfer ■ f ■unction over -B/2<^f<B/2. Only that 
portion of the channel response which is relevant to 
transmitted signal confinement of fff < B/2 is considered. 


For signals handlimited to B, it is enough if the 
behaviour of the channel is estimated in terms of effective 
impulse response g^ (■t»^ ) at intervals spaced l/B apart 
in ^ . Letting g^ (t, J/B) = g^.(t), the channel model 
implied hy Bq. (1.9) is given within dotted lines of Fig. 1.1. 


1 . 3.5 Channel response identification: 

The present scheme of identifying the channel 
response is the use of wideband signalling and correlation 



reception as an antimultipath. measure over fading channels.' 
For sounding the channel, a wide hand-pass noise-like 
waveform (PF sequence) is a usefiiL continuous signal 
structure. An exact replica is also available as cross- 
correlation reference and a moderately long segment of such 
sequence exhibits autocorrelation properties, let a segment 
of length T of PF sequence be used as sounding sigtial^ over 
interval 0< t< T (1>^'1/B). 


The estimates of g.(t) can be obtained by extracting 
an identical T-length segement of the replica process available 
at receiver, delaying it by E/B and cross-correlating it 
against the received signal, w(t). letting j/B = £ . and 

J 

K/B , the output of cross-correlator may be given as 





w (t) 


dt 


= 1/B 




<< Sj(t) 

j=-a 


z(t-^^)z(t- 5^^.)dt 

*k 


( 1 . 11 ) 


If T»l/B, we can assume that the finite length integral can 
be well approximated by its average over ensemble of all 
possible T-length segments of z(t). 

(j)(|) = 1/T f z" (t) z (t+.|.) dt (1.12) 

^0 


From Eqs. (1.11) and (1.12), 
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< a 

SjJt) = T/B s gj{t) -f _.) 


3=-a 


(1.13) 


Whenever^j^ maximuia because of choice of 

z(t). Thus the output of cross-correlator, 6 (o) g.("t) is 

z j 

the estimate of g.(t). So, the correlation with reference 

c) 

relatively delayed = K/B selects only that part of 

the arriving signal energy represented by Zth tap in the 
tapped delay line model of the channel. 


The block diagram implied by the tapped -delay line 

model of multipath fading channel and correlation reception 
to measure channel response for different time delays is shown 



designed and fabricated part of the receiver system. The 
incoming 60MHZ IB signal is added with locally generated 
Gaussian noise of 10 MHZ bandwidth and centred at 60 MHZ so 
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as to maintain required S/N ratio to linearize the polarity 
sensing process. It is then fed to two multipliers the other 
inputs of which "being the qu8,drature components of local 
60 MHZ IF which is in phase with the transmitted IF. Thus, 
the incoming signal is split into normal (in-phase) and 
quadrature components. The outputs of the multipliers are 
passed through low pass filters to extract the video components 
which are amplified "by video amplifiers to "be fed to polarity 
sensing detectors represented "by difference-amplifier and 
comparator circuits. The output of a polarity sensing detector 
is a logical '1' or ’O' for positive or negative going signal . 
component. 

The resulting in-phase and quadrature components of 
the incoming signal are to be cross-correlated with the 
time-shifted replicas of the transmitted signal (PN sequence) 
to get estimates of channel impulse response fimction for 
different time-delays. 

1*4 OUTIIHE OF VARIOTJS CH/iPTERS; 

Chapter 1 gives a brief discussion of fading 
troposcatter channel characteristics followed by tapped— delay 
line model of representing channel and the proposed scheme of 
channel response identification. 


10 


Chapter 2 mostly deals with functional system 
block diagram based on the technique of channel response 
identifica.tion as discussed in Chapter 1. 

Chapter 3 contains starting with block diagram of 
the fabricated part of the proposed system, both a description 
and the design of different circuits involved. 

Chapter 4 gives information about printed cards and 
mechanical construction and layout details of the boxes 
alongwith description and purpose of the provided controls, 

In Chapter 5» a brief description of tests carried 
out ' .and ^ . the experimental results obtained have been 

given. 
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OHAPTBR - 2 

SYSTM DESCRIPTIOI^^* ^^^^^ 

2.0 IITTRODUGTIOK; 

RAKE technique of wideband signelling and correlation 
reception is used for cojumunication over fading channels, This 
technique can also be used for probing the troposcatter channel ; 
to get an estimate of channel scattering function. 

2^1 RAKE SYSTEM DESCRIPTION i 

2.1.1 System Objective! 

The objective of the system is to record randomly : 

varying in-phase and quadrature components of channel response 
function, g (t,f- ) as it varies both in £ and t and analyse . 
the data obtained to provide an estimate of the channel 
scattering function, 

2.1.2 System Characteristics: 

(a) Operating frequency •• (SiZ | 

. (b) Transmission technique AM | 

(c) IE frequency •• 60 MHZ [ 

I 

(d) Soxmding Signal ,, PM sequence (period«S 

j 

(e) Method of signal modulation PS Keying at 10 I 

Mega bauds | 

10 MHE J 


(f) Signal bandwidth 

(g) Multipath resolution 


• « 


0.1 ji sec. 
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e ar ' Oj?- diV ' egj^ ' i'by 
f- i -- ) -' DiV ' earcity . . t - a -o hni-fa e 
Seir e- e tri - oa- 1 c oliii i quo 

( 4 ) Mode of propagation 
(i) Test-link range 



•< ». J- y 

.» Single hop, overland 
scatter 

.... 3G0 miles 


2 .1 . 3 Signalling ; 

To probe the medium for its impulse response, 
wideband signalling is required. Pulses of very short 
duration are unsuitable as the repetition rate cannot be 
made low enough to keep the observed response from over- 
lapping in time due to limitation of peak power than can be 
transmitted. However, a wideband noise like waveform i.e., 
Pseudo-Noise sequence (PN Seq.) serves as an excellent 
continuous signal structure. It contains sufficient details 
so that the waveform at one instant of time can be distinguished 

from that at another instant of time, (since, at zero time - 

M 

lag, auto-correlation =2-1 and at time lags of one or 
more elements, auto-correlation = 0 or unity where M is the 
number of stages in shift register generating. PN sequence). 

2.1.4 Simplified block diagram of Transmitters 

The code generator in Pig. 2.1 is a 15-stage shift 
register connected with feedback for maximal length code 
generation. The IP is 60 MHZ phase-shift keyed at 10 M bauds 
by HJ sequence, filtered to 10 MHZ- bandwidth and then p<^wer 
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amplified to be transmitted over a tropospheric path. 



2.1.5 Block diagram of Receiver: . 

Block diagram of RAKE receiver is shown in Pig. 2. 2. 
The transmitted signal is corrupted with additive white 
gauss ian noise and arrives at the receiver sequentially via 
different paths of the illtiminated common volume of the 
troposcatter medium. 

The multiplied output of frequency synthesizer 
is used as receiver local oscillator. The resultant 60 MHZ 
IP signal of 10 MHZ B¥ serves as an input to the signal 
attenuator stage of RAKE demodulator. 

Locally generated gaussian noise vrith 10 MHZ 
B¥ and centred at 60 MHZ is added to IP signal so as to 
maintain required S/H ratio to linearize the polarity sensing 

process (see section 2.2). 

The signal is then fed to IP amplifier the output 

of whioh is injected into two multipliers of normal and 
quadrature channels. The qixadrature components of the 
locally derived 60 MHZ IP which is in phase with transmitted 
IP serve as other inputs to the multipliers » 
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The low-pass filters recover the required normal 
and quadratic components of snunding signal by eliminating 
the high frequency content of multiplier outputs . 

The video outputs are then -.amplified and' fed to 
polarity sensing detectors (PSD), Each PSD is strobed by 
10 MHZ master clock and at the moment of strobing, PSD output 
is a logical '!»■ or 'O' depending upon whether the input 
signal is positive or negative in polarity. 

The sreceiver contains a shift register to generalJe 
a PN Seq. which is identical and in S 3 mchronism with the 
one used at the transmitter. Synchronization of PN sequence 
can be provided in the synchronous sweep circuit. 

The shift register provides 15 time-shifted 
and sequenced local copies of transmitted PE code which are 
cross-correlated with the sampled normal and quadratic 
components of received signal in 30 mod-2 adders to get a 
continuous estimate of amplitude and phase for each particular 
delay/tap. 

The storage counter provided for each tap 
accumulates the information of how many times the signal and 
code sequence correlate during each integration period. 

At the end of integration period, storage counter is reset to 
zero after its selected number of active bits are transferred 
into a buffer register. 
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The outputs of buffer register are then multi- 
plexed and recorded on a digital tape reocrder for computer 
processing. 


2.2 QUAimZATIOU AHD SMPLIITS^^'; 


The one-bit quantization or limiting of the iiiput 
samples will introduce an error causing nonlinearity between 
the average counter output and input signal component. 
Anyhow, the amount of error can be minimized by adding an 
appropriate amount of Gaussian noise to the received signal, 
let e^ be the output of the sampler and input to one of the 
quadrature quantizers and e , the output of the counter as 
shown in Pig. 2. 3. 




Incoming 

signal 

I 


C^Sgn (XC^+n^) 




w- 


Sampler 


, limiter 

! 

]■ 

Gountpl 

/ 


ucmi u 61 


e. 


where 


= XC. -i-n- 


(local PI Seq.) 


= C. Sgn (XC. + n^) 

i=l 


( 2 . 1 ) 

( 2 . 2 ) 


X= one quadrature component of channel gain 
at one particular delay and is assumed 
constant over an integration period, 


i 
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Cl 




transmlt-ted PH se^iienoe = ± 1, 
samples of (a) received aoise and 
(b) signals with delays differing hy more 
than a hit period of PH seq. which is 

nogligi^^-e , 


Sgxip^Cji+'^i^" 


+ 1 for (XG^ + n^) positive 


- 1 for (XCj_ + iaj_) negative 


n* o+nnn -nrocess Toefore limiter, 
By carrying out multxplnc- 

ilq_,(2.2) is matiienatically equivalent to 


e = Sgn (X+n;) Sga 

«C 1=1 


(2.3) 


where 


n ’ has same properties as n^ 
1 


i-ovn+ nxror integration period, 
1 is constant over 


Sgnd+n^) 


Pi with probability P 

-1 with probability (1-P) 

- m 



.y2/2o2 


p = Pr [Xl?-nJ =p/42a<r5j^e ' ' dy 

= i +{1/J2ii) Vd I 

(i.e., T«<^) at limiter | 

nslng Eqns. (2.5) and (2.4), | 

i) Bean of counter output, : ^ ° ^ \ 

-.•..aritv of counter output to input j 

Eq.(2.5) ensures lin^ari y ■ ^ ^ 

comnonent by adding an appropriate an.c i 

signal component oy ^ ^^eceding the limiter 

•on +n the received signal preceding 

Gaussian moise to tne le ^ 

, ' and sampler. 
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w With, constant signal and independent noise from sample 
to sample, variance of counter output, o = N, (2.6) 
(c) EMS S/W ratio of counter output, (S/1)^ =j2N/n. (l/o) 

(2.7) 

2»3 DATA ANALYSIS; 

The outputs of cross correlators or I?AKS taps can he 
considered .as a set of estimates of g -(t) vhere g is a 
complex nunher (phasor) represented hj normal (in-phase) 
and quadrature components of tap output and 3 identifies 
the tap being considered. 

Considering n observations and talcing sample mean i.e,, 
time averaging over a finite time of experiment, tap-gain 
correlation and scattering functions for different time 
delays/taps can be computed using Sqns . (1.^ and (1,6). 
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OHAPTEE 3 

G-ERGgil DESGEIPTIOE AKD lESIGF ' 

3.0 IM’EOPgGTIOg: 

In this chapter, the operation and hardware 
realization of the ■various circuits used are discussed. 
Except where considered necessary, the discussion has been 
limited to a brief presentation of the salient featiires. 

A functional block diagram of the designed and 
fabricated part of the system as shown in Eig,3.0. 

The incoming 60 ISHZ IP signal corrupted with additive 
White Gaussian IToise constitutes the input signal with a 
bandwidth of 1 0 ISHZ . 

The binary seq-uences at normal and quad, output 
terminals are further processed in the digital correlator 
and counting circuits to obtain the estimates of the fading 
channel characteristics. 

3 ,1 SIGMI ATTEITUATOE ^ > 3 

3.1*1 lUTEQDUCTIOg; ■ 

Conventional attenuators (i.e, ladder network and 
electronic attenuator using emitter follower) may be 
unsuitable at very high frequencies without good quality 
contact switches. Moreover, neutralization of stray and 
wiring capacitances may pose problems in these cases. 
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However, an PET used as a voliiage controlled resistor 
(VCR) can serve as an excellent signal attenuator^. Such, 
an attenuator can have a large dynamic range and adjvistable 
bandwidth. 

An PET in the region where the drain~source voltage 
Vpg is approximately zero may be shown^"^ for any reverse bias 
’V’qq between 0 and V^ to have a small signal drain~to— source' 
resistance r^ to be a fimction of V^g given by 

Vgg) 

where Vg_g is the gate-source voltage, 

r^(0) is the drain-to-source resistance at 
V = 0 and 

(ju 

K is a.'-, constant dependent upon PET type 
Thus, by controlling VQ_g, a variable voltage-controlled 
resistor may be obtained. 

3.1.2 GONPiaURATIOE SELECTION; : 

Of the two commonly used configurations shown in I 

Pigs. 3.1 and 3.2, configuration-B is favoured as configuration-Af 

r 

has the following disadvantages, 

(a) The output of VCR has to be terminated info a 50-'Ohm i 
load. As VCR appears in the low side of the attentiator ^ I; 



Il.g.;5.0 t Block lUagram of fabricated part of the syato jii 
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the. following stage should have a very high input 
impedance. 

(b) There is 180° phase shift between input and output. 

(c) The input signal level should be high# 

3,1.3 C IRCUIT G 0I1P I GU Pu - TIOH ; 

The circuit configuration used for signal attenuation 
at 60 HHZ I’.'inge using FET is shown in Eig.3.3 and the equivalent 
high-frequency model is given in Pig ,3 .4* 

Pig. 3 .3 0 ir cuit Configuration 



■5 


.out ■ 

Rj, =s 50 ohms 
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Fip:,3 » 4t Equivalent high-frequency model of Eig.3.3 



^out ^2 resonate at 60 MSZ 
Vgg is the test voltage 


: 

DESIOh OBJECTIVES: 


3.1 .4.1 

Erequoncy of operation 

60 mz 

3 .1 .4.2' 

Band-width : 

1 5 I\5HZ 

3 .1 .4.3 

Input impedance : 

50 ohms 

3 .1 .4.4 

Output imped^ce * 

.50 ohms 

3 .1 .4.5 

Control voltage range, 

0 to -5 volts 

3.1 .4'.' 6 

Voltage attenuation rargo : 

-15 dB 

3.1 .4.7 

Supply voltage available s 

-1 21 

3.1.5 EESIGH GOISEDBRATI^Si 


3.1 .5.1 

A straight forward analysis of the equivalent 


circuit ill Pig.i3 .4 v/ould show that 
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^out ^ 
^ out ^ 


R2 II' 


.1 




for r. >> Ri 


R. oi R 
in 

G* 

in 


^2 + ^gs + + ^stray 

1 . f 0^ » ^1 


0, + 0, 


0 , 


"1 -r ^ C 




stray 


,1 ,5,2 Conditions to bo satisfied: 

(a) For to be less dependent on -variations, 

E 2 should be as small as possible- -when compared to 


%i 


(b) For Rq^^ to bo less dependent on r^ variations, R-j 
should be as small as possible 7/hen compared to r^^. 

Therefore, both R^ and R^ should be chosen as small 
as possible so as to keep RQ.^.f. to be less dependent on 
and r^ variations which occur due to varying ^Q.g* In such case 

®out “ and 
E -n ^ R-, 


3 J .6 SEIiEGTIOF OF lEYlGE AED GOMPOMTS 

5.1 ,6*1 Device chosen is Junction FET, type BFWIO, n-channel. 

Typical characteristics of BEV/TO are as given in Appendiz-A. 

3 •1.6, 2 Resistors: R.] = Eg = 180 ohms 

5.1 .7 GIRQUIT DBSI&R: 

Centre frequency, fo =60 E1HZ 
Bandwidth, B = 15 MZ 

Wq = 2T?’fQ = 6.3 x6Cex: 10^ = 3.78x10^ radians 
s= 2, 645x1 0 ^ rad 
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LoridGcl Q 01 tciiiic circui'fcj ^ 


0 


(3.1) 


60 


TT" 


= 4 


5,1 .7*1 Input Hetworlr: 


I *. I 


--r 


Ecj=50 


o 






Drain 


Fig.,3^ 


in 


; 

"j L 




? 

1 


I >Z '7 


S^±r. 

10,. 


t-.. 




Souroo roDlStaiioe, Eg = 50 ohms 

?, ' = Ei = 180 ohms 

Total capacitancG oliunting li - 0^ - gd jh - 

Eg is roflootod as ISO ohms onto tho right hand side of L, 
aL across E, ; Therefore , for impedanoo Hatching, the 
effective rosisfanco shunting Ii 


R. 


R- 


180 

"T" 


- 90 olnns 


R^« 


(3.2) 




00x2 .645:c1 q 
4 


-Q 


*'X).06^» 


■ ir'ln^rnr solenoids of the proportions normall5 


nsod in radio worh, the induotanoo is given to an accuracy 
of about 1 poroont by an approximate formula 
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3‘;i.7*2 

iiK 


n r 

^ “ 9r .+ tol /* ^ 


(3.3) 


\7he ro 


L is tho inductance in microhenries 

r is the radius of coll (inches) bet77een the centres 
of conduct ora 
n is tho nombor of turns 

1 is the longtli of tho coil (inches) i.e*, n times 
■the distance between centres of adjacent turns. 


For 


= 4 lurns ^ 

= 0.276" (7 mm)and 

= 0.4", 

If:" 0.06 j^h. 

Total capacitance across L.| is 


n 

r 

1 


1 


^ ^1 


115 pf 


(3.4) 


Therefore, external capacitance required across Ii^ is 


C.J ^ 115 - ( 


C, 


ri 


3+;- 


+ ) pf 


stray ga 

Bxp Grime nt ally, C.j is determined and found to be 97 Pf; 
To find tap on j 

■ ! E. 


lie 


■^1 ■ 


Rc 


"X 




Hcf ss n 


4 


S 


1 


(3.5) 


Output Fotwork; SourcoC- 


Roj Go 


2 turns from ground 

rF2 


Signal out 


3.6; 


_ ci ^ 


r/7 • 

I 


^out*^ ®out 
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H, 


oux 


c 


out 


lir 


n-r 


'out 


n 


120 Uf. 


= II 2 =; 180 oiims 
=: I'otal capacitance across Ij 2 

“Go"^0t ‘i'G C ^ "f"! ) 

^2 stray gs ds '■>r ^ ^ 

= 0#06Jdh 
= 4 turns 

= 2 turns from ground 

= 115 Pf 
= 115 - (C>stray+°gs+®ds^J^'*’'^^^ 

Exp oriiiiont ally , C 2 is determined and found to be 


5*1 *7.3 Circuit Diagram: 

Signal Attenuator circuit diagram with component 
values is given inEig.3.7. 

Eig«3 *7 ‘ Circuit Diagram of Signal Attenuator 


0*0^. 


3300pf 


BEWIO 


Signal 

4T ’ 
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-fr- 
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Rg=s50ohirisV 


% 
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ohms 




.12Yq- 


1500 

pf 


^29010 


2001 ; 
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. 1 . . . «ll I I 1 

. . Jl20p| 
180> 


0.0 6jjB 


G 180 
ohms 


t 




C> 3300pf 

#41 


-A— 


//f 


Signal 

out 

H2^=50 ohms 
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5.1.8 COISTRUCTIOU; 

3.1 .8.1 As with most high frequency circuits, careful 

mechanical layout is nocessary to minimize the coupling 
between the input and output stages, fhe components with 
very short leads imive been used to minimise stray inductance. 
The input and output taiik circuits have been shielded 
effectively from the device and the biasing circuit and 
the signal attenuator block itself has been inturn shielded 
from the rest of the circuitry. Component wiring has been 
printed on an epoxy glass printed board to minimize the 
signal losses. 

3*1 ,8,2 Signal level control facility has been provided, 

i: 

Signal level can bo monitored by adjusting by means of which; 
the negative voltage applied to the gate of the device varies 
which in turn alters the degree of attenuation of the signal. 

3.1.9 RERRORMAhCEt 

The circuit performance is measured at different 
frequencies for different gate voltages. The results arc 
given in Table 3,1 and the circuit response in tho curve. 

This perfoimance is shown as a function of negative 

voltage applied to the gate of the device for different 
frequencies. 



Table; 3.'^ BXPBRniBITT'Al OBSERVATIdTS *■ 

Level of Input signal to tho attenuator = 320 mV (unloaded) 

160 mV ( .loaded) 
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5.2 ITOISB GEHElLira£l^ >^ 

3.2,1 laTRODXJGTIOIt 

Goroiiiorcial noise sources have used thyratron kept in 
transverse magnetic field as the basic source of noise current 
In the present system, hov/ever, a reverse biased ;^*-n junction .; 
is used, 

3.2 .2 DES IGF SPSG If IGAT lOIS g 

The noise source is intended to meet the following 
specifications; 

3.2 ,2,1 Output Spectrum; 3dB points, , 5l and 69 SIHZ 
3 .2 .2 ,2 Output , level ; Variable from 2 mV to 10%V p-p 

3 ,2 ,2,3 Output inpodance: 50 ohms 


3 .2 .3 NOISE GEMBEATICN lEGIiNlQllE^ 


In the case of reverse biased p-n junction, reverse 
current, I may be expressed as 

I = Ml. 

whore 

and M is the multiplication factor given by 

1 


■o 

Iq is the theoretical reverse current 


V. 


i . / a ^m 

1 *- u 


'hi:- 




where V^ is the applied voltage, 


and 


"^br breakdown voltage 

m — 3 for silicon, and n-type germanium 
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The rsTGrsG breakdown voltage, is a function of 

doping levels. If > 7"'/’, the diode is said to breakdown 
in avalancjiG mode* In the transition region, the high current 
discharges are called as microplasma. It is found tha.t this 
gives rise to random noise current in the device. These 
avalanche broakdov/n microplasmas occur prof crontially F/h©re 
dislocations pass through the junction. 

3,2,4 GIRGUIT COMIdUIbiTIOl I^: 

3 .2 ,4.1 noise G-enorator; 

Pig. 3 .8 sho?/s a simple arraiigomont which exploits the 
above phenomena, Pt 2 is used to vary the reverse current, 

Ij^ to bias the zenor diode near the knee and the noise voltagO: 
is developed across , . 

Microplasma noise generation takes place only in a i 
certain range of diode currents, I-^ I < I 2 v/hore I-j and 
I 2 depend upon the surf.’cc properties of device and vary from J 
unit to unit. The output amplitude of the noise vmios if | 
the bias changes in the above range. I 

The amplitude probability distribution of stationary 1 
G-aussian noise current is described by i 

P (X) = ~ — 

{2t( [ar 

whore Cf"' = rms value of the current | 

m = mean value of the current ' [ 

Z = random noise current [ 

^ ' ' ' , ' i 

I 


exp (X-m)^ / 2cr^ 
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From this, It can be deduced that the instantaneous 
noise voltage lies within + 3<r“for 99*7 percent of time. 
Thus an amplifier used to provide noise output ofCT" volts 
rms must be able to haixlle the instantaneous peaks of + '5<T~ 
volts if significant errors due to overloading are to be 
avoided. 

Fig. 5 «8; Wide band noise source 


V ■ 


Eg 


-12 V 



lioise out 
E^a50 ohms 


3. 2 ,4. 2 Biasing: I 

Tho device chosen is SZ213 the reverse breakdown 
voltage, V.^p of which is about 8,2 volts. At the transition ! 

t 

region where microplasma phenomena occurs, tho reverse currenl 
is found to be about 30 to 40^- a. 1 ^ 2 ^® adjusted to achieve f 
this, is chosen so os to draw a .niaccimum reverse current j 
of 2ma v/hon E 2 = 0, i 

i 

3 ,2 . 4,5 Eoiso Amplifier: , I 

A two-stage cor]mon*"base tuned amplifier has been used | 
to boost the noise output developed across to got the ! 
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required noise level ’.vitli spocifiod noise output spoctrun,- 
The turlr circuits of the two stages of the anplif ior . aro 
staggor-tiuiod to got the required handwidtli. The stages 
arc identical to those in li' amplifier block described later'. 
The comploto circuit diagram of noise generator and amplifier 
block is sho7/n in Tig, 3 .9,. 

3.3 LIMEAE fJDITI0¥ QI? dlCxHAL kim NOISE^' ^ 

3.3.1 IITRODUOTIOk: 

Linear fiddition is the process of combiniiig two or more 
signals from different sources into one compositG signal, 

Basic characteristic G of linear addition arc given below. 


(a) Signals from one source should not appear at 

any of the other sources i.c., there must be good 
isolation between the output and input sections 
of the circuitry* 

(b) No additional frequencies or distortion should 
be added by the circuitry, 

3 ”.5 .2 OOMIgON.nE!MITTEa TO GOBfflvlON-BASE GASP ODE dlROUIT? 

'The circuit diagram using 103 028A <7ith common-emitter 
to common-base ease ode arrangement is shown in Pig .3.10. The 
two advantages obtained from the cascode arrangement of 
CE to OB stages are given below, . ■ 

(a) There is a minimum of internal feedback from the 
output to the input terminal. Voltage swings at. 
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the collector of ^2 will c ouplo the energy back thro’ 
base and be bypassed through to the 

''2. jj 

ground. Voltage swings at the collector of Q-j are 
developed across the low-input resistance of , Ihe 

for will be low and superior high 

frequency perfornance can be expected. This reduced 
internal feedback makes it possible to have a tuned 
circuit for a load without incurring oscillations, 

(b) The output voltage swing can bo large. When both 
transistors and Qg near saturation, V^ 
approaches the voltage across Ct^ or V^^, When both 
and 02 cut-off, approaches V^g, Therefore, 

tlTD total pcak-to-peak output voltage swing is 
nearly (V^q-Vj,). 

Fig, 3 ,1 0: Oomoii ’- eniit tor to Common-base cascode circuit 


ai 02 
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.3 GIRCUIT CC¥P3SURATICaT: 


The schematic diagram for linear addition of the 
incoming signal and the locally generated noise is shovm in 
Fig .3.1 2. IC type Ci'-.3028A has been employed for CE to CB 


cascodc arrangement. Manufacturer's specifications of 
CA3028A have beon given in Appondix-A, Two case ode circuits 
arc used one for each of the two signals to be added and the 
addition process is carried out by mixing the signal currents 
from both Q 2 coupling resistor, Eq shunted by 

the output tank: circuit and the input resistance of IF amplifier, 
stage. The inductance coil of the tuned circuit is tapped 
down to -fcod of 30 ohms load which is- the input resistance 
of the following IF amplifier stage* 

In the scliGinatic diagraia, tho digits 2 to 6 refer to the 
tcrninal numbers of ■0A3028A* S-| indicates tho incoming signal, 

Sg tho locally generated noise and the input resistance of 
the f ollowing IF stage . 


Tho collectors of and < 02 ' offer good isolation between 


tho two channels (i,e., signal and noise). The fact that the 
output impedances Eq-j and Eq 2 "bbLO collector terminals of 


^2 ^ind ^ 2 * (CB configuration) are very high when compared to 
the effective load, Eq’ = = 75 ohms ensures oxcollent 

isolation between tho two channels. 
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.3 .4 OIRQUCT DESIGU i 
.3,4,1 Biasing: 


Iq^ and Iqp arc the collector currents of <^2 
of the two cascodo circuits, Ihe biasing rosistors are chosen 
so as to make each of them equal to 5 ma. Total current j Iq 
flowing through oommon c olio c tor resistor of 150 ohms will bo 
10 ma. The dc voltages appearing at the terminals of CA3028A 
are shown in Big.3.12, 


.3*4 


O 


Output network : 


Collector of 



Signal 

E^=30 

ohms 


E , in case ode arrangement is- very high when compared 

0'U.TJ , , 

to E^ of 150 ohms. Therefore, the resistance shunting L is 
G 

150 oluns, 

Centro frequency, f^ ss 60 MHZ 

Band width chosen, B » 20 MHZ 

f. 

Therefore, == 3 

Using equations 3 m\ tqi^i,-5 
1 = 0*066^h (d=0*35", 1=0,6", n^ =4 turns) 

■ C = 105 pf ■ _ :■ ■ - : 

21 ^^ s1 ^75 turns from ground*./;:,: 
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3.4 IF 

3.4.1 IMTltODUGTIOH: 

NarroVv' band a-Liplifiers arc characterized by frequency 
discrinination and provide large gain over a specified band~ 
width. Such amplifiers are generally tuned amplifiers using 
resonant circuits to obtain desired selectivity and centi’o 
frequency. 

3.4.2 DESIGII MSI HODS; 

In IF amplifiers, the internal feedback of the device 
causes the transistor input impedance to be a function of load 
impedance which makes the multistage IP amplifier alignment 
difficult. Design methods to overcome the internal feedback 
effects arc 

(a) licutralizjition method and 

(b) Mismatching method 

Neutralization method is to neutralize the effect of 
the rovorsG feedback ratio or unilateralizc the transistors in 
the amplifier, Ihis tochniquo is usually limited to a narrow- 
band, high gain applications* 

Mismatching method involves mismatching the device at 
its input and output terminals* The advantages of this method 
arc given below, 

(a) St'^bility for all devices of particular typo. 

(b) Tfe of ul stable gains upto very high frequencies. 

(c) Easy practical multistage amplifier alignment. 
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Mismatching technique has beon chosen for If and 
Noise amplifier stages as it suits the requirements of stable 
gain at high frequencies and over wideband, 

3 .4 .3 lES IG-N SPEC If IQAI IONS ; 

3. 4 .3.1 Centre frequency, f^ = 60 MHZ 

;,i.4.3.2 Overall Band-width, B = lG mZ 

3 .4.5.3 Voltage gain, V^ = 35 dB 

.4.3.4 Input and output s 50 ohms each 

impedances 

3.. 4. 3. 5 Design! method = Mismatching technique 

3 .4.*4 OiaCUIT DESIGN; 

3 .4.4.1 The device chosen is 2N918, silicon, IPN typo, 

Pairchild transistor. The manufacturer's specifications for 
2N918 are given in Append ixvA. 

Per common-base configuration at Iq = 4ma, 7^^ = 6 V 
and f^ = 60 aiHZ , the input and output impedances are as given 
below: 

Input resistance, = 30 ohms 

Input inductancG, = 0,05^h 

Output resistance, = 2,5 K ohms 

Output capacitance, = 4 pf ■ 

The circuit diagram is given in Pig.3*13* Three stages 
of common-base mode have been used* 
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3.4 .4 .2 Bandv/idth per stage: 

Overall half power bandwidth for n identical stages 
in terns of the single stage band-VYidth is given by the 
expression 

B = Eg (a’/n _ l)V2y (3. 

vrhero B is tho overall bandwidth of n cascaded stages, 

Bg is the band-width of individual, identical stages, 
n is the number of stages* 

I'or 3 -stage IP anplifier^ n=:3 and B = O. 5 B 2 
Per B = 10 mZ~; Bg = 20 MIZ 

/. Bandv/idth per stage == 20 MiZ 

f 

Loaded "Q of each tank circuit, s= 3 

s 

3 . 4 . 4 .3 Input network of tho 1st stage: 


Signal 0 — 
in 

Ilg.tB50 ohms 



—O Emitter of 

-> PiniT 

Utag 0.05^ 


It is docided'fo resonate L^_^ with at 60 MHZ and 
allow slight mismatch, between Eg and which improves the 

stability of the amplifier* In any case, the amoimt of mismatch 
can bo reduced or controlled by proper adjustment of the tap 
on. the output tank circuit of the preceding stage {i«c*. Linear 



43 


addition oi signal and noise) iron which the signal is fed 
to tho input network of tho Ist stage of II amplifier. 



1 


o 

I. 

o in, 


1 


Allowing for stray and 


2 ,. 645 ^ 3:1 
0.05 X 10"^ 


= 1 40 pf 


wiring capacitances, 0^ = 130 pf , 


3.4.4 4 (&tLtput network of 1 ClOTii (3rd) stage: 



Ecsistanco shunting 1- 






= 2.5 li 


1 .5K =940 ohris 


From equations 3.1 to 3.5, wo get for Q^=5, 
w 0.4/^h (1=0,4" t ‘-'1 = 0,55" j n^ = 6 turns) 

Total capacitance across I^, 0= 18 pf = 0^^ + 0^ 


Thorofore,' 0^ = 14 pf 

= 1 ,5 turns from ground (for Ej_=50 ohms) 

= 1 turn from ground (for = 30 ohms) 
and resonate at frequency nearly 5 times lower than 
.60 MHZ., Choosing resonant frequency of 5 1^2, 


= 0,0033|’^l!’ 

3 *4 .4, 5 Interstage coupling network; 

Proceeding on the same linos as giyon under clause 



C olio c tor 
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Emitter of ^ 

=s0*0^pH 

R. a=30 ohms 
^2 


3,4,4.,5» tiio chosen, Toluo of l-j = 0,4jih. is 

refloctod as 2j^h onto tlio loft hand side of 'L'^ and the off pot 
of it has been neglected in the c ale ulo.t ions . 

C ^ a» 1 4 pf » 

n-j = 6 t Tarns „ and 

xi^ = 1 turn from ground 


3.4.4^ Mid-band voltage gain; 

Overall mid-band voltage gain of 3-stago Amplifier is 

V_ B 'Z 

It- _ (LlL- — = 73.3 (37 dB) 

Eg ' Po*'' (Eg+Rj) 

Whore Kq is the output resistance of CB stage, 

R. is the input resistance of CB stage, 

1 

Rc is the source resistance and 

D 

R_ is the load resistance. 

Jj 

3.4,5 OORSlRIJOflClf t 

Careful nccteiii,e:ai:i.la^ has been carried out to 
minimize parasitic inductance and capacitance. Transistor 
sockets c;.ai bo lased oven at these frcq.iaencios because small 
capacitanco-s are not as , important ,as low load-inductance * 
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Conponont loads arc cut as short as possible to minimize 
stray inducitanco , The output network of each stage is shioldod 
v/gII from its input network. The output of IF amplifier is 
available through an IIF connector, type UG 29I/U Y/hich is 
fixed to the box, 

3.4.6 PEIGJ'OmmroEt 

The oxpermontal observations of the IF amplifier are 
given in Table 3.2 and the performance is shovm as a function 
of frequency in the response curve. These gain noasurenehts 
were based v/ith 

(a) a 30 ohm source and a 50 ohm. load and 

(b) the tliroo st.'.ges stagger-tuned to got an ovorall 
band -width of 1 5 IIHZ, 



l'lg*3,13J OIRGUIO? DXtiGRiiM OP IP Al^TPT.TP TF!B 
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!r.:^3IIE!; 3.2 EiJrEEIMBNTAL OBSEHYATIOIS 

LoygI of Input signal to 11'' Anplifier, A^=f3*25 nY p-p (imloaded) 

|jl’,62mV p^p (loaded) 


Input ■ signal | 
frequency x 

in IvEiZ , jj 

'IE 'Anplifier | 
output, A 1 

in nV 1 

! - Yoitage gain ‘ 

[■V^ 1 

20 log^o 

dB 

67 

55 

33.8 

30,5 

66 

68 

42 

32.4 

65 

73 ^ 

45 

33 

64 

76.5 

47 _ 

1-7 r* 

*5 

65 

77.6 

47.8 

33 .6 

62 

79,5 

48.9 

33.8 

61 

80 

49.2 

33.8 

60 

80 

49.2 

33.8 

59 

79.3 

48,8 

33.7 

58 

77.5 

47.8 

33.6 

57 

76 

46,7 

33,4 

56 

71 .5 

44.4 

33 

55 

66 

40.6 

32.2 

54 

60 

37 

31 .3 

53 

,..54 ■ , 

33 .2 

30',4 
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3.5 I'ru]:i'I?L]ER'l 5>5 

3«5.1 nHv:iO]DUCTICgT; 

In this section, a single differential pair 
emplOj^ed as a multiplier for normal and quadratic channels 
has boon discussed, The incuming modulated signal (S-i ) 
forms one of the inputs to both multipliers while the other 
input (!cp ) is the local 60 Miz If which is in phase v/ith 
the transmitted 11 for normal channel and 90® out of phase 
for quadratic case, lo avoid, anj interaction between the 
multipliers, there must be good isolation b8t¥/een input 
and output sections of each multiplier, 

3.5.2 OatCUIl MAIiYSISi 

3.5|2j|t She differential pair multiplier configuration is 
shown in I'ig#3«l4| Ihe circuit gives good isolation between 
the output and input sections, 

lor ^ *Qf]-Q 2 combination acts as CC to OB cascode 
arrangemont and there is no phase shift betv/een S-^ and Vq, 
External resistor at collector of is omitted so that no 
signal voltage can be developed at collector of Q-j for coupling 
back tin ough 0^^^ to the base of . Also, the base of 02 
is sliuixlod with suitable capacitor, 0^ so that any signal 
voltugo •',cd back from collector of through *^1302 will be 
bypassed to ground. Oonsequently, the circuit has good high— . 
frequency performance. 



50 


Por Sg, combination acts as CE to GB 

case ode arrangement and there is phase reversal between S 2 
and Vq. Voltage swings at collector of <42 couple the 

energy back through to its base and be bypassed to ground 

through Og. Also, voltage swings at collector of are 
developed across low-input resistance of Q 2 . The low gain 
and the consequent smaller Miller capacitance of ensure 
impr ovo d high-f r e que nc y pe rf or ma nc e , 

3 .5 *2 ,2 Multiplier Out>»put: 

Voltage gain of a differential amplifier is 

readily shown to be proportional to g^ of 0^ ?/hich because of 

its linear dependence on i^ can be effectively controlled by 

3 5 

Sg# Multiplier output, Yq in terms of S-| and S 2 is shown to be 


V 


0 


+ A2S2 ) 


C5.7) 


where 


I. K 


w J 






+ Et 


and 


Aj, - E(/0.1 c%;y ) 


3 J 

let (i) be the PS keyed signal and S^^t), the 
local IP ill phase with transmitted IP. . 

S-j (t) = f(t) cos w^ and S 2 (t) = cos w^t where f(t)=:+ 1 


f(t) cos^ w^ t + kg fCi) cos 


(3.8) 
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k-j 

= f (t) 4-^ f (t) cos 2w^t + kg f(t ) cos w^t 
where k^ and kg are constants. If f(t) ^ ^ !"(¥), 

V (¥) K 

. *;;^£(W} + --^(l'(W+2W^)+F(W.^2W^)) 

Ihe original signal f(t) can be recovered by using 

a low-pass filter which will allow P(Tif) to pass and will attenuate 

- — • 

the remaining components centred around + 2?^ and + W^'. 
3,5>3_CIF.0UIT DESIGN; 

3 *5 *3*1 low pass filter: 

The Rq-Cq combination in the collector of Qg forms 
the low .-pass filter. Taking into consideration tho .effect of 
Rji 9 50 ohms, total rosistanco shunting is R^{|R^ = 25 ohms. 
Choosing cut-off froguGncy, f^ of 12 Miz, 

« 500 pf. 

^-3 #5 •3 *2 Phase-shifting of letwork”*^: ' 

A TT -network which introduces a phase lag of 90° 
is designed to operate at 60 MHz frequency for input and output 
impedances of 50 ohms each and the circuit diagram is shown in 
R is f3 f 1 5 * 

i l L r. KANWIR i 

■ ’ CfJiTB.U UB>?/.sy I . 

A E5S3S» 4 
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5.6 VIDEO AMPLIFIEa_' ^»^»'*^ 

3,6.1 CTTRODUGIIOI; 

A stable video amplifier of 10 Mz bandwidth is 
constructed using shunt-wfeedback; network around each stage • 

The use of colleGtor»«to-base feedback is a method of Improving 
bandwidth which results in reduced (a) input and output impedances 
and (b) overall gain at low frequencies', trading gain for 
bandwidth. 


3.6.2 DESIGN SPEGIFICATIQISt 


3 ,6 ,2,1 Overall voltage gain, 


. 3. 6.2 ,2 Bandwidth 

3.6.2 ,3 Input impedance 

3.6,2,14 Output impedance 

3.6.3 DESIGH PROQEBUHE ; 

3 .6*3.1 Design Equations; 


35 dB 
10 Mz 
50 ohms 
50 olims 


/ 


The following are the design equations for a single- 
stage collector feedback amplifier. 

Ep 


Input resistance, 


It 


Voltage gain, A^ * [i 


Current gain, A- 

r^+ B5 ,+CJo+1 )Rj^ 


(3.11) 

(3.12) 

(3.13) 
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Shunt-fGodback rosiGtance, 



r ^ +^qRj^(A^-1 ) 

W~^ " 


(3.U) 


V " ®in (3.t5) 


3.6,3 .2 DC Biasing; 

The Collector current in the last stage should be 
high enough to provide a high output voltage but the first 
stage collector current should be low enough to stabilize the 
input impedance. 




3.6,3 .3 Design cf Shunto-feedback resistance; 

Using equations as given under clause 3 .6 ,3.11: the 
shunt feed-back resistors can be calculated starting from last 
stage taking into consideration the source and load impedances 
of 50 ohms each. The table given below gives the calculated 
parameters',' 



1 ^0 1 
! ma 1 

% ' 
ohms 

I ^ 

1 ohms i 

r E- 

1 ' in 

1 ohms 

i ^ ] 

s . -i 


3 

11 .4 

50 

280 

10 

20 

5 

2 

3.8 

10 

200 

50 

1.5 

8 

1 

1.9 

50 

300 

50 

5 

4 


Overall 'mid«»band voltage gain. Ay = 39 -dB 
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whe ro 

: lioad/outpu'b resistance 

Pu^, : Collector feedback resistance 
’ Spurrtei-/ Input resistance 

3, 6 ,3 .4 Emitter bypassing and couplings 

Electrolytic capacitors of 230 juE in parallel v/itii 
polyester typo of 0.022 jfP have boon used for both bypassing 
and coupling. The leads of capacitors arc trimmed to minimum 
to rtnluco the offoctivo series inductanco. 

3 *6.3 *5 decoupling! 

Yfith very low input and output impedances of each 
stage I very littlo signal current flows through collector 
resistor to be coupled back into collector supply voltage lead. 
Also, with each emitter bypassed to ground; very littlo signal 
current flows through tho emitter resistor. Sufficient 
decoupling is achieved with networks shown in Eig,3.16. 

3.6.4, 0 IHCTTIT C OW IGURAT lOE^ 

The circuit configuration of video amplifier is 
shov/n in Eig.3»Y6. Capacitance coupling has been employed as 
the amplifier may suffer from operating point stability with 
direct coupling* The device chosen is silicon, KPN transistor, 
type 213565 hawing % of 600 MHz and of 20. 
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4-Vio ■'■/idco amplif wi'fch 

The perfornB-ncG of tno /-acu p 

, r,v.or^mpnt Is obsorved with source 
rosistlvo shunt foadbaok arrsngamont 

and load Impodancos of 50 elms oaoh. 

IHo 5-d3 low-nnd high-fro^uonoios have boon o = 

70 HZ ai* 15 i'® rospootivoly. _ - , 

=. n-f 1 ow fm', S-Ii feodback may Imve 

With transistors of 1 

. r . all the stages except the flnst one for good . 
to be used for all 

overall high frequency re impedance oharaoter- 

.oslstlvo feedback to prevrdo a fl.t . 

7 

is tic • 

rOThPm 

,. 7.1 _ra£IlCBI!CTIWi_ followed by a ’ 

^ symmetrleal transistor amplafrer 
cc^5;mplif ie^ comparator has boon ueod to ^serve 

diffe*oh- ^ ^ aetootor (ISI) wit's 

polarxty „j^lo the other 

oonneoted to gram ^ Comparator output assumes one 

measuring traput to the srgnal. 

of tho two levels 'i.e* I - 

m- -■■A-infi: input signals* 
jiegativc going 

jy pc^T) nQ shown m 

io^n,-^ttc diagram of a& 

fhe schematic Q s „ o-f the nature 

1.. wc hisbly stable because of the 1 

' Tto aifforonoo amplliuer as hxg 


lig.3.16; GEOuIT OP ?IID€ ilffLI 



2300pf fH|! 10 ohms 

ifTi — «-*- Ay\/\y\ ■ . ■!■ Y-n\Tm=»-1 2Y 
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Tabic 5.5 SXHDRIMBNTi-I CBSERVATIQIS (Video Amplifier) 



Level 

of Input signal, 


mV (unloaded) 
mV (loaded) 

Input d, 
fro q * 

ignal 

8 Yideo Amp, 

} in mV 

1 . 

— n 

_ 

5 In as 

10 

mz 

320 . 

53.3 


34.5 

8 

n 

330 

55 


34.8 

6 

n 

33'8 

56.3 


35.0 

4 

n 

344 

57.3 


. 35..'2 

2 

IT 

348 

58.0 


35.3 

, 1 

fi 

350 

58.3 


35.3 

800 

KHZ 

350 

58.3 


35.3 

GOO 


350 

58.3 


35.3 

400 

ft 

350 

58.3 


35.3 

200 

f} 

365 

60.8 


35.7 

loo 

n 

375 

62 '.5 


35.9 

80 

tf 

375 

62 '.5 


35.9 

60 

n 

375 

52:5 


35.*9 

40 

n 

380 

63 .3 


3,6.0 

20 

ft 

385 

64.2 


36.1 

10 

n 

400 

66.7 


36 .5 

8 

It 

400 

66 .7 


36.5 

6 

ft 

400 

66.7 


36.5 

4 

n 

395 

65.8 


36.4 

2 

n 

, 395 

65 .8 


36 .4 

, 1 

n 

400 

66.7 


36*5 

SCO 

HS 

400 

66.7 


56,5 

600 

ft 

400 

66 .7 


36.5 

400 

ft 

390 

65.0 


36,3 

200 

ft 

380 

63.3 


36.0 

100 

n 

330 

55.0 


34 .8 

8,0 

■rt 

300 

50‘.0 


34 .0 

60 

n 

250 

41 .7 


32.4 

20 

n 

120 

tc.o 

_ 

20.0 
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of tiio dGviCG, IC CA3028A used. 

3.7.3 CIEGTJIf DESCEIPTIOF; 

When -the input signal, the difference 

amplifier goes sufficiently positive by a lew milli-volts, 

'Qj should turn Oh to detect the crossing of aero reference in 
the positive direction. Conversely, when ^ turns ChP, output 
goes to 0 volts to indicate that the input has crossed zero 
in negative direction, 

3. 7 .3.1 DC Analysis! 

At balance, the input voltage, Vj_=0 and the dc 
voltages at different terminals are shov’/n in Pig. 3.1 7* Hesistance 
E is ado us tod so that ^ is in active region so that the volta.ge 
at the collector of "'^out = + ^.5 volts, 

3 .7 .3 .2 TUEOT: 

hith v^ crossing zero sufficiently in positive 
direction such that the develops a rainimum differential 

output voltaigo that is sufficient to cut-off 'Q^-i and drive ^22 
into saturation, Vq_^ = Vqq- 7 ma x 0,47 K ohms = + 1 .7’V and 
is driven into saturation. Thus, = + 5 volts (digital "1"), 

3.,7.3.3 TUEhOPPs 

With v^ crossing zero sufficicntlj’’ in negative 
direction, Q 21 "becomes Oh and Q 22 Soes into cut.-off state 
resulting in v^^s + 5 volts. Thus, is OPP and '^out-~^ 

(digital "O")* 
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^i 

X Qoi 

iJ 

i i 

5 

■V7T 

° i 

^3 


0 

Active 

Active 

+3.3V 

Active 

+ 2.5V 

4-ve 

OPP 

OF 

+1 .7V 

OF 

+ 5V (digital "1") 

-ve 

ON 

OPP 

+5V 

OPP 

OV (digital '*0'*) 


3 *7 .13 #4 Minimum Grossing Voltage ; 


(a) Considering difference -amplifier comparator 
circuit (02 1» total range of output swing, ovorwhicli 

the output can follow tho input is 


^ Vq = Rq = 7ma X 0.47 k olmis = 3.3V p-p 

23 2 , -o 

/S^O gjii 

Differential -voltage gain, p — = — ^ from which 

i - ■ 

the total input voltage swing required is = 100 niv pyp * 


(h) Considering d iff© re nee -amplifier circuit 

■ AVq ■ 

t » ^'^0 = "^00 “V p-p and Sq from which 

^v^ = 3 mv p-p. 

Thus, total input voltage sv/ing required at the 
input of difference amplifier to carry tho output of the 
coraparator through its entire swing of 3*3 V p-p is 5 mV p-p. 

3.7.4 OBSEIiVATIOhS; 

The PSD is tested vrith a sine wave input of 50 Ii2 
to 10 IffiZ. Total input voltage swing required at the differencG- 
araplifior to aarry the output of tho comparator stage through 
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its entire swing is observed to be ^out 10 mV p-p« 

With input signal level of about 50 mV p—p, the 
output of PSD approaches a step waveform satisfactorily 
throughout the frequency range of 50 liZ to 10 MHZ. 









M 


63 


OHA.PTEB > 4 


IvECHAE-IGAl C OBSTRUCTION MID LA-YODT 


In this chapter, brief moohanical construction of 
housing of the printed cards and the controls have been 
described. 


4.0 PRINTSI) Gimps : 

The distribution of 10 printed cards of 7 typos 


used are given below; 


Sr .No . 

Description 

No. 

of cards used 

1. 

Signal attenuator 


1 

2 . 

Noise gonorat or and amplifier 


1* 

3* 

linear addition of signal and 

noiSG 

1 

4. . 

IP amplifier 


-j* 

5. 

Multiplier' 



6 . 

Video amplifier 



7* 

Polarity sensing detector 




* The printed card has noise generator followed 


ly a 


3-stago tuned amplifier circuitry, I’or noise generator ejid 
amplifier at Sr .No, 2, the 3rd stage of tuned amplifier has boon 
discarded while for IP amplifier at Sr .No .4, the noise 
gener-'itor circuitry has not been used, 

** Two sots of printed cards are used for norml and 
quadrature channels. In printed card against Sr .No, 5, a 90® phase 
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shifting notv/ork is incorporatod which is used for quadrature ' 
channel case only 4 

4.1 MBOHAI'IIOAL aOWSTRUGTIOh Alg) lAYOUf i - 

Printed cards aga.inst Sr.hos.l to 4 are housed in 
BQX»-1 for convenience of monitor noise and signal levels 
either individually or combined nt IP araplifior output. 'The 
rest of the printed cai'ds are mounted in BOX-2 . The ::*$rinted 
cards arc mounted on bottom plate through spacers and fitted 
with screws at the bottom. The side plates cover the ’)oxes on 
four sides and the middle plates shield the different printed 
cords. The top plate completes the structure of the box and 
can bo fitted onto the side plates. The layouts of printed 
cards in Boxes -1 and ~2 are shown in Pigs, 4.1 and 4.2» 

4.2 OOmiOIiS; 

, The controls on the boxes are mounted onto the 
front (side) plate. Description and piirposo of controls arc 
given below: 

4.3.1 BCX-1; (Pig. 4.1) 

4 .3 .1.1 S¥-l: It is ITOIBB OP/OPP switch, DPST in OH (up) 

position of which noise c<an be added to signal ^and 
in OPP (clown) position, noise gonorator can bo 
disconnected. 


m 


65 


4»3*’^-2 : They aro noise and signal lerel control 

o: 

P“2 potent iomoters respectively* 

4. 3 .1 .3 PlO-l They arc feed-through capacitors through which 

0 , •, 

(/: 

FT0*-2 +12 and -12 V supplies can bo fed^ 

4 .3 .“I «4 0-1 They arc female connectors used for feeding 

& 

C-2 and obtaining the input and output sigmls 
respectively, 

4.3.2 BQX-2: (Fig*4.2) 

4. 3 ■•2,1 . 0-3- It is a female connector through vdnich the signal 

(from IF amplifier output of BOZ-1 ) can be fed 
to multipliers, 

4.3,2,2* 0-4 It is a female connector through .vhicli the 

local 60 Ii!BZ IP can bo fed to the multipliers, 

4 ,3 #2 ,3 PI0-3V5 Ihoy arc feed-through capacitors through which 
PIC -4 & - 

PTC-6 +5, +12 and —12V supplies respectively can bo fed* 

4’,3-,2.,4 PII-1 , Ihey ere feed— through insula,tors from which the 

0 •- « 

f./C - ' ' 

Pi 1-2 normal and quadrature compoiionts of the. received 
signal can bo obtained* 

4#3,2.5 PII-3 They are feedthrough insulators through which 
and 

PTI-4 10 MHZ clock for strobing PSDs can be fed. 


f’ig. 4,1 * layoxjt of 
BOX~1 


P-1. 


ITolse 

Linear 

implifier 

addition of 
signal & 
noise 


• 

i ; 

Signal 


Attenuator 

_ Noise 
^ Gen, 

, 

■7CI 

^ ^ 

13. 



L 


C-^1 , 

p-2 Id 



O' 
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CHAPTER 5 

PBREORMANCl MEASUREMBHT AM) 

C OHClIJSIOHS 

In this chapter, a brief description of the tests 
conducted on the two boxes and the experimental results 
along with response curves have been given. 

5.1 Box-1; ( Fig. 4.1) 

With final stagger- tuning of all the coupled stages, 
the frequency response of Signal stages constituting the 
signal attenuator, addition stage and IE amplifier and that 
of Hoise stages comprising noise amplifier, addition stage 
and IE amplifier have been measured. 

(a) Table 5*1 shows the experimental results for 
Signal stages as obtained with signal applied to signal 
attenuator and noise generator disconnected. The output is 
observed at the output of IE amplifier terminated into a 
50-ohm load. 

(b) Table 5.2 shows the results for loise stages as 
observed with signal attenuator and noise generator disconnw* 
ected and signal applied to noise amplifier. The observations 
are carried out at the output of IE amplifier terminated 

into a 50-ohm load, 

• (c) With noise generator connected, the noise level at 
the IE amplifier output is found to be variable from a 
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Tablo 5 JXi IPEEQUEnCY RE SPO ISE OF SI GM L gluyG ES 
SourcG impodancG, Rg = 50 oimiQ 

G-ate control voltage of signal attenuator, 'V’'Q_g= OY- 
Input signal level, v ^^ = 48 mY (miLoaded) 

24 mV (loaded) 


Input signal 
Broq. in MHZ 

■J 

IB amp . ■ 
output , 

1 ^out j 

I ! 

'^out 

2.11 dB 

1 in ■ 

66 

127 

5.3 

14.5 

65 

147 

6.1 

15.7 

64 

1 60 

6.7 

16^5 

63 

173 

7.2 

1 7;2 

62 

181 

7*5 
• ^ 

17.6 

61 

185 

7'.7 

I7t7 

60 

185 


17.7 

59 

185 

7.7 

17.7 

58 

183 

7-6 

17.6 

57 

175 

7.3 

17.3 

56 

160 

6,7 

16.5 

55 

145 

6,0 

15.6 

54 

125 

5.2 

14.3 


Ooritro froquency ' : 60 MEZ . 

5dB corner froquoncies: 54.2 & 65*8 MHZ 
Bandwidth s 11.6 MHZ 
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Table g .2 PKEQIIBFGY BESPCWSE OP ¥OISE »^rASE S 
Source impedance, Eg = 50 ohms. 

Input signal level, v .^ = 11 mV (unloaded) 

5.5 mV( loaded) 


Input 

Ereq. 


signal 
in MHZ: 

X H amp .out"7 
^out'i 1 

"'^out/'^in 1 

1 '"outAin 
in dB 


5 in mV 5 
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250 

45.6 


33;2 

66 

320 

58;i 


35‘4 

65 

570 

67;2 


36.6 

64 

390 

70;s 


37.0 

: 63 

4l0 

74.5 


37.4 

62 

420 ■ 

76 U 


57:7 

61 

420 

76 '.4 


37.7 

60 

420 

76 ‘.4 


37:7 

, - - mm* 

59 

420 

76:4 


37:7 

58 

420 

76 4 


37.7 

57 

400 

72.6 


57.2 

56 

380 

69.1 


36.8 

■ 55 

350 

63.6 


36.1 

54 

310 

55.0 


34.9 


Centre frequency 

3 dB corner freq^gHC 
Bandwidth 

60 MHZ . 
54 & 66:2 
i 12,2 IfilZ 

MEiZ 
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minim-um of 10 mY to a maxim-um of 50 mY peak-to-peak. 

5.2 B0X~2: 

A brief description of tbe tests carried out with, 
reference to the block diagram of Pig. 5,1 is given below: 

Pig>5.1 


Y 


si 


Demodulator 


(S-,=55 to 

^ 70 MHZ) 


■V and IPP 


^Y 


s2 



Polarity 

sensing 

detector 


(S2=60 MHZ) 


(a) Single differential-pair multiplier using CA303t8A 
as demodulator; 

Testing of Boz-2 is carried out by applying 60 MHZ 
signal to the voltage-gain controlling S 2 -input (see 'Multi- 
plier*, section 5.5) and 55 to 70 MHZ variable frequency 
signal to the differential S^-input of the multiplier stage 

from tvro different YEP oscillators. Y - and are the 

si s2 

voltage levels of S^ and S 2 respectively and the voltage 
levels of the video component after amplification are 
observed as Y^^^ for different frequencies of Sj|^- ranging 
from 55 to 70 IHZ in steps of 2.5 MHZ, The results are 
tabulated in Table 5.3 from which it is observed that (since 
the video amplifier is found to have bandwidth of 10 MHZ) 
the differential pair multiplier using CA5028A has bandwidth 
limitation of 5.7 MHZ. 
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SalDle 5. '5 


7gi = 120 mv S^=55 to 70 MHZ 

V^2 = 275 mv 


s. 

55 ’ 

57.5, 

60 j 

62.5 

65 

67.5 

70 


MHZ . 

MHZ , 

MHZ : 

MHZ 

MHZ ^ 

MHZ 

MHZ 

Vt; 

1 400 

, 470 : 

520 . 

Wj^BM 




: mv ^ 


mv 






(b) Double balanced mixer (Ring demodtilator) using 
DBM-1 (AHIDUS make) 

The differential-pair multiplier using CA5028A 
is replaced by double balanced mixer (Ring demodulator) and 
with the experimental set-up as shown in Fig,5.1» the 
observations are made at the output of the demodulator. 

Bie results are tabulated in Table 5.4 showing the better 
performance of the ring demodulator over that of differential 
pair multiplier. 


Table 5.4 


V T = 

sl 

250 mv 

II 

55 

to 70 MHZ 

it 

CM 

500 mv 


60 

MHZ 


Sl ■ 

55 

MHZ J 

57.5 
h MHZ 

60 

' MHZ i 

62.5 
► MHZ 1 

65 i 

MHZ ’ 

^ 67.5 
MHZ. 

< 70 i 
MHZ ; 

Demod . j 
output i 

: 200 • 

' mv 

200 

mv 

200 ' 
mv ■ 

200 j 

; mv 3 

1 200 5 

I mv 

‘ 195 ^ 
i mv \ 

^ 190 : 

r mv 
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5.3 Testing of the overall fabricated part constituting 
Boxes-1 and -2 is carried out, the description of -which 
with reference to block diagram of Pig. 5. 2 is given below. 



S-, =55 to 
^ 65 MHZ 



The signal of variable frequency from 55 to 
65 MHZ is applied to the signal attenuator and the IP 
amplifier output is coupled to the demodulator, the other 
input of which being S 2 of 60 MHZ 

^in bevel of input signal to signal attenuator 

Vgi I IP amplifier output 

Vg 2 * bevel of S 2 

'^dem * bevel of video component at the demod-ulator output 
i Video amplifier output 

(a) The response of Box~l under loaded conditions is 
measured as a function of frequency. The experimental 
results are given in Table 5.5 and the corresponding V^^^ 
freq. plot in Pig, 5. 3 showing the IP amplifier output Vg 2 _ 
for different frequencies of ranging from 55 to 65 MHZ. 
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The band width of signal stages (signal attenuator, 
addition stage and IF amplifier) under loaded conditions 
is found to be 10 MHZ. 


Table 5.5 


Q 

a 

MHZ 

65 

63 

61 

1 60 

J 

59 

57 

55 ■ 

. in mv 

t 

\ 252 

.. 250 

1 257 

1255 

i. 

258 

204 


(b) Differential-pair multiplier using CA5028A as 
demodulator: 

Voltage levels of the video component V^^^ at 
the; video amplifier output are measiired for different 
frequencies of ranging from 55 to 65 MHZ in stops of 
2 MHZ. The results are tabiflated in Table 5.6 from which 
it may be concluded that the differential pair multiplier 
using CA3028A limits the bandwidth of the fabric8,ted part 
of the system to 3MHZ, The plot of V^^^ vs. frequency is 
shown in Fig, 5.4. 

Table 5.6 

; 55 to 65 MHZ i 60 MHZ 


V. 60 mv V o= 560 mv 

xn S'i 


S3_ 

in MHZ 

55 

57 

59 

60 

61 

65 

65 

in mv 

75 

97 

126 

157 1 

1 ’ 

126 

S9 

78 ‘ 
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(c) The observations made with double balanced mixer 
are recorded in Table 5.7 showing the bandwidth of the 
system to be more than 10 MHZ '(about 12 MHZ). The freq.uenGy 
response curve is plotted in Pig. 5. 5. 

Table 5.7 



5.4 LIMITATIONS ; 

(a) Noise level control is not sensitive. 

(b) Differential pair multiplier limits the bandwidth 
of the system to 3 MHZ. 

(c) High-frequency rejection at the demodulator output 
is poor. 


5.5 SPECIAL PBilTURBS; 

(a) Signal Attenuator using PET as a voltage-controlled 
resistor provides (i) continuous attenuation range and 
(ii) flexibility of band -width adjustment with suitable 
drain and source resistances shunting the input and output 
tank circuits respectively. 

(b) Tunability to various frequencies: 

With proper stagger- tunning of the tuned circuits, 
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the fabricated part can be used for operation with IF 
freq.uency of any value between 60 MHZ with overall 
bandwidths of signal and noise stages being 10 mz each. 

(c) Bandwdth of the video .tapllfier can he increased 
(to about 20 MHZ) without any high-frequenoy peaking networks. 

5 • 6 SUG-0ESTI0H3 FOR TMPRnTnRMmTT^.qj_ 

(a) An attenuator stage {similar to that used for signal 
attenuation) at the output of noise amplifier provides a 
fine control of noise level. 

(b) A calibrated meter/indicator (at the output of IF 
amplifier) facilitates the monitoring of signal and noise level 

(c) CE-to-CB cascode circuits between each multiplier 
and IF amplifier gives better isolation between the input 
and outputs of miatiplier stages, 

(d) A double balanced mixer (A ring demodulator) type 
DBM-1 (AMIDUS make) in the place of single differential-pair 
mtiltiplier using CA5028A gives re cg^uired overall bandwidth 

of 10 MHZ, 

(e) A two-stage Butterworth low-pass filter at the output 

of multiplier stage can provide better high-freijuency rejection 

(f) Video amplifier can be replaced by one or two more 
stages of difference-amplifier before the comparator circuit. 
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APIEEDH^-A 

BEIB]? MI-IXJPACTITEBB « S SEEC IFI CATIOIMS OT DEV ICES 



Type 

-f 

Max . 

Ratings | 

Ele. characteristics 


1 "^CB 

i '^GES 

i'^BB 1 1 

0on(iition8 | 

^BE S 

^ 

0 ) 

2113324 

PNPjGe 

35V 

357 

37 lOOma . 

yCE=10T, 

30 to 

200 to 






Iq =3ma 

200 

600 MH2 

(2) 

219,18 

HPl^Si 

30V 

15V 

37 50ma 


20 

960 IHZ 






Iq=: 1 Oma 



(3) 

213563 

30V 

12V 


I^=8ma 

20 to 

600 MHZ 


ra,si 





200 



(4) BEWlOi (iT^haimel,^ silicon, JTBI) 


■■ Ga,tol*73onroe (open drain), i- max = 30V 

Peedback capacitance at.. J...MIZ(T .i.=0,Vjj2=T5Y), - C^^<,0.75pf 
Transfer admittance (coiniiion source) (V^g.;=0, Vjjg=l5V), 

3.2 m mhos 

(5) SZ213; (Silicon expoxy, Zener diode) 

nominal reference voltage, 8.2V 

Max, dissipation at 25 oC = 250mw 

(6) 0A3028.A; (Linear IC) 

It is a differential/cascode amplifier for operation at 
frequencies DC to 120 MRZ , 


Elec. 

char ac ter istics 

(at f= 

: 1 0 .7MIZ , 7 qq=+ 9 V) 


Oascode 


Dif f .Amp 

- 

Y-J1 

0.6 +. 3 1 .6 


0’;'5 t o0,5 m- 


"^12 

0.,0003-j0 

It 

o'.oi- 30,0002 

m 

Ygi 

99-jl8. 

n 

-37 + 30,5 

ti 

•V* 

^22 

0 + 30 * 0 ® 

jj. 

0'.04 + 30.23 

n 
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